The knowledge of the nature and magnitude of growth and development of human face is important for sound diagnosis and treatment of dentofacial disharmonies. The depth of antegonial notch and morphology of mandible are important indicators of growth pattern. Objective The purpose of this study was to evaluate the antegonial notch depth, mandibular symphysis morphology, and symphysis inclination in various facial types categorized into the normo-, hypo-, and hyperdivergent groups using various parameters. Materials and Methods Pretreatment lateral cephalograms of 45 adult patients with age group between 16 and 30 years were taken. The antegonial notch depth, symphysis height, symphysis depth, ratio (height of symphysis/depth of symphysis), angulation of symphysis, and inclination of symphysis to mandibular plane were analyzed statistically. Result It was found that the mandible with the hyperdivergent growth pattern was associated with an increased antegonial notch depth, increased symphysis height, reduced symphysis depth, large ratio, small symphysis angle, and large inclination angle of the symphysis. Conclusion The results for the antegonial notch depth, symphysis height, symphysis depth, and ratio of symphysis height to symphysis depth were statistically significant whereas the angulation of the symphysis and inclination of the symphysis did not show statistically significant results.
Introduction
Growth of the mandible plays an important role in overall growth and development of the face. An accurate, valid, and reliable method to predict the mandibular growth of an individual would be an indispensable and key asset to orthodontists. The ability to predict the nature, magnitude, and direction of mandibular growth in early stages of life would help in better diagnosis and selection of the most appropriate treatment plan for a given individual. Björk, 1 in his implant studies to determine the mandibular growth pattern, has confirmed that most of the growth in length of the mandible occurs at the condyles. There is apposition as well as resorption especially in the lower border of the mandible, and these processes result in shaping of the mandible, which characterizes the type of growth.
The term "facial divergence" was introduced by Schudy, 2,3 and the two extremes of facial divergence are the hypo-and hyperdivergent facial types. As stated by Scott 4, 5 "certain types of faces may be associated with a tendency towards certain types of malocclusions." In a hypodivergent pattern or short face, the anteroposterior growth exceeds vertical growth and the posterior facial height is more than the anterior facial height as compared with a hyperdivergent or a long face where anterior facial height is excessive in relation to the posterior facial height. 3 Till date, a variety of methods have been used with varying success to predict the nature of growth, but as Björk 1 said it correctly, not all the features would be found in a particular individual. Once the growth is complete, the growth pattern does not change.
Apposition beneath the gonial angle together with excessive resorption under the symphysis in mandibles with backward and downward rotation results in upward curving of the inferior border of the mandible anterior to the angular process (gonion) and is known as antegonial notching. 6 Definite mandibular morphologic patterns are associated with deep and shallow antegonial notching. Various studies have shown that patients with deep antegonial notching have either a diminished mandibular growth potential or a disturbed condylar growth. 7 Singer et al 8 in 1987 stated that in adolescents with deep mandibular antegonial notches, the mandible was retrusive with a short corpus, ramus height was less, and the gonial angle was greater than the adolescents with shallow mandibular antegonial notches.
Mandibular symphysis (MS) morphology has an impact on diagnosis and treatment planning in orthodontic patients; it serves as a reference anatomical landmark for esthetics and beauty of the face in general and of the lower part in particular. MS morphology results from an interplay of various factors that can be genetic, nongenetic, or the adaptive factors. The MS shape during the growth period may indirectly be affected by the inclination of lower incisors, and dentoalveolar compensation occurring during that period as a result of anteroposterior (AP) jaw discrepancy might be reflected in the morphology and dimension of the symphysis. 9 Also, the variables such as the symphysis depth, symphysis height, symphysis ratio, symphysis angle, and symphysis inclination to the mandibular plane are associated with the growth pattern of an individual. Ricketts 10 stated that in patients with anterior growth direction a thick symphysis can be seen. An important consideration in evaluation of a specific treatment plan for an individual is the MS size and shape. If the symphysis is large, it is esthetically acceptable to leave the incisors a bit proclined, and thus, we can opt for a nonextraction plan to compensate for tooth size arch length discrepancies, whereas in patients with small chin and the same arch length discrepancies, proclined incisors would be unaesthetic, and in these cases, we have to go for an extraction treatment plan. 11 The inclination of symphysis is an important feature. As stated by Björk, 1 in vertical growth pattern or hyperdivergent cases, the chin is prominent and the symphysis swings forward, whereas in cases of horizontal or hypodivergent cases, a receding chin is seen with the symphysis swung back.
Prediction of growth pattern by the morphology of the mandible has clinical implications in treatment planning for the patient as the extraction decision, type of anchorage preparation, mechanics, and retention period are influenced by the growth pattern of an individual. The purpose of this study is to evaluate the various variables of mandibular morphology in hyper-, normo-, and hypodivergent growth patterns.
Objectives
The objective of the article is to assess the depth of antegonial notch in patients with different growth patterns and assess the symphysis morphology in patients with different growth patterns.
Materials and Methods
Pretreatment lateral cephalograms of 45 adult patients (15 males, 30 females) with age group between 16 and 30 years (mean age 20.59 years) were taken. All lateral cephalographs were taken by the same operator with the patients standing with Frankfort horizontal plane parallel to the floor, the sagittal plane perpendicular to the X-ray beam, and the teeth in centric occlusion. All radiographs were taken using the cephalostat from ADVAPEX Panoramic Systems. The exposure data of the X-ray source was 65 kV and 16 mA for 1.2 seconds. The equipment had a fixed film to focus plane distance of 190 cm and a fixed film to midsagittal plane distance of 10 cm with a final enlargement of 10%. For all patients, 8-× 10-in (20.32-× 25.4-cm) films were used. 
Inclusion Criteria

Exclusion Criteria
• Patients having primary dentition, supernumerary teeth, and congenitally missing teeth • Facial asymmetry, trauma, and syndromes • TMJ or cervical spine disorders • Incomplete dentition (extracted or missing teeth) All the cephalograms were traced by the same operator on an acetate sheet of 0.5 mm thickness. All the landmarks were identified and marked. The 45 patients were divided into three groups, that is, hyper-, normo-, and hypodivergent, of 15 patients each on the basis of their Frankfort-mandibular plane angle (FMA) angle, J ratio ( Jarabak's ratio), y-axis, and Go-Gn-SN (Gonion-Gnathion-Sella-Nasion) angle (►Table 1).
Patients of these three groups were evaluated to study the antegonial notch depth and symphysis morphology.
Calculation of Depth of Antegonial Notch
Antegonial notch is a concavity on the inferior border of the mandible. Two points traced on the mandible were anterior convexity point (ACP) and inferior gonion (IGo), where ACP is the point of greatest convexity along the anterior-inferior border of the mandible and IGo is the point of greatest convexity along the posterior-inferior border of the mandible. A line was drawn joining these two reference points. Antegonial notch depth is the greatest point of convexity in antegonial notch area in the lower border of mandible (►Fig. 1).
Cephalometric Evaluation of Symphysis Calculation Symphysis Dimensions
A line tangent to point B was taken as the long axis of the symphysis. A grid was formed with lines of grid parallel and perpendicular to constructed tangent line. Superior limit of symphysis was taken as point B with inferior, anterior, and posterior limits taken at most inferior, anterior, and posterior borders of symphyseal outline, respectively (►Fig. 1).
• Symphysis height is defined as the distance from the superior to the inferior limit on the grid (►Fig. 2A). • Symphysis depth is defined as the distance from the anterior to the posterior limit on the grid (►Fig. 2A). 
Inclination of Symphysis
Inclination of symphysis in relation to mandibular plane was measured. The angle between a line connecting point B to pogonion and mandibular plane reflects the inclination of the skeletal part of the MS in relation to the mandibular plane (►Fig. 3).
Statistical Analysis
Mean and standard deviation of each variable were calculated. One-way analysis of variance (ANOVA) was performed to determine whether there was a difference between the three groups for each of these variables, and it was followed by a post hoc test in which a p value < 0.05 was considered significant. The analysis was performed using IBM SPSS software (version 22.0, Armonk, NY).
Results
The lateral cephalograms of total 45 patients divided into three groups were studied and analyzed. The descriptive statistics, that is, the means, standard deviations, and the errors of the difference between means and levels of significance of the six variables studied for the three groups, that is, hyper-, normo-, and hypodivergent groups, are summarized in ►Table 2. The one-way ANOVA results applied to the study groups are shown in ►Table 3, and the post hoc multiple comparisons Bonferroni results are shown in ►Table 4.
Depth of the Antegonial Notch
The mean values for depth of the antegonial notch were greatest for the hyperdivergent group with a mean value of 2.493 mm ± 0.6190, followed by the normodivergent group with a mean value of 1.493 mm ± 0.4540 and then the hypodivergent group with a mean value of 0.843 mm ± 0.7457. The post hoc multiple comparisons Bonferroni test results revealed that the hyperdivergent group showed significant difference with the normodivergent and hypodivergent groups with a p value of 0.000 (< 0.05) for both the groups (►Fig. 4). Abbreviations: FMA, Frankfort-mandibular plane angle; Go-Gn, Gonion-Gnathion; SN, Sella-Nasion. 
Height of the Symphysis
The mean values for the symphysis height were greatest for the hyperdivergent group with a mean value of 21.707 mm ± 3.0684, followed by the hypodivergent group with a mean value of 20.277 mm ± 2.2569 and then the normodivergent group with a mean value of 19.250 mm ± 2.3925. The post hoc multiple comparisons Bonferroni test results revealed that the hyperdivergent group showed significant difference only with the normodivergent group with a p value of 0.045 (< 0.05) (►Fig. 5).
Depth of the Symphysis
The mean values for the symphysis depth were greatest for the hypodivergent group with a mean value of 13.420 mm ± 0.9481 followed by normodivergent group with a mean value of 13.239 mm ± 1.4705 and then the hyperdivergent group with a mean value of 12.063 mm ± 1.6430. The post hoc multiple comparisons Bonferroni test results revealed that the hypodivergent group showed significant difference only with the hyperdivergent group with a p value of 0.031 (< 0.05) (►Fig. 6).
Ratio of the Height and Depth of the Symphysis
The mean values for ratio of the height and depth of the symphysis were greatest for the hyperdivergent group with a mean value of 1.8247 mm ± 0.24427, followed by the hypodivergent group with a mean value of 1.5073 mm ± 0.13424 and then the normodivergent group with a mean value of 1.4550 mm ± 0.16700. The post hoc multiple comparisons Bonferroni test results revealed that the hyperdivergent group showed significant difference with the hypodivergent and normodivergent groups with a p value of 0.000 (< 0.05) for both the groups (►Fig. 7).
Angulation of the Symphysis
The mean values for angulation of the symphysis were greatest for the hypodivergent group with a mean value of 82.80 ± 3.590 degrees followed by hyperdivergent group with a mean value of 81.47 ± 6.186 degrees and then the normodivergent group with a mean value of 79.07 ± 5.942 degrees. The post hoc multiple comparisons Bonferroni test results revealed statistically insignificant results between all the three groups with a p value > 0.05 (►Fig. 8).
Inclination of the Symphysis
The mean values for the symphysis inclination were greatest for the hyperdivergent group with a mean value of 66.33 ± 6.630 degrees followed by hypodivergent group with a mean value of 66.20 ± 5.308 degrees and then the normodivergent group with a mean value of 63.50 ± 5.735 degrees. The post 
Discussion
In this study, the sample consisting of 45 adult patients was divided according to J ratio, FMA, y-axis, and SN-MP angle into the hyper-, normo-, and hypodivergent groups. The age group of the patients selected for this study was between 16 and 30 years, with a mean age of 20.59 years as most of the growth would have been completed by that time and the growth pattern once established does not change much with age. 12 The ultimate shape of a fully grown mandible is the result of the complex interaction of the growth determinants and functional environment that controls the lower jaw. The antegonial notch lies at the body junction and the ramus of the mandible, and in this strategic position, its shape is probably a good indicator of how the mandible will grow. 13 Hovell 14 in 1964 stated that "when the condylar growth fails to contribute to the lowering of the mandible, the masseter and the medial pterygoid, by continued growth, cause the bone in the region of the angle to grow downward producing antegonial notching."
In our study, the depth of the antegonial notch was found to be highest in the hyperdivergent group and lowest in the hypodivergent group, and the results were statistically significant. In 1987, similar findings were reported by Singer et al 8 (1987) who concluded that the clinical presence of a deep mandibular antegonial notch is indicative of a diminished mandibular growth potential and a vertically directed mandibular growth pattern. Lambrechts et al 7 (1996) stated that patients with shallow antegonial notches have the characteristics that are usually associated with a horizontal growth pattern. Björk and Skieller 15 (1983) and Mangla et al 11 (2011) reported similar findings indicating the nature of mandibular growth associated with antegonial notch depth. However, Kolodziej et al 16 (2002) found statistically significant negative relationship between mandibular antegonial notch depth and subsequent horizontal jaw growth and concluded that antegonial notch depth fails to provide sufficient indication of future facial growth to warrant its application as a growth predictor in a nonextreme population.
The next variable studied was the morphology of the symphysis and its effect on growth pattern. Symphysis in the hypodivergent group was found to be associated with a short height, large depth, small ratio (height/depth), and larger angle as compared with the hyperdivergent group in which the symphysis height was large, depth was small, ratio was larger, and symphysis angle was small. Similar findings were noted by Ricketts 10 (1960) and Viazis 17 (1992) who found a thick symphysis to be associated with an anterior growth direction. These results are also consistent with the findings of Aki et al 18 (1994) who stated that the symphysis morphology is associated with the direction of mandibular growth, especially in the male patients with symphysis ratio having the strongest relationship and that a large symphysis 19 (1969) and Björk 1 (1969) concluded in their studies that the patients with hyperdivergent growth patterns are associated with the pronounced apposition below the symphysis with more overall concavity of the lower mandibular border. Based on various studies stated and this study results, the antegonial notch can be used as a good indicator for prediction of growth. Another variable was the inclination of the symphysis to the mandibular plane. In our study, the values for this variable were highest for the hyperdivergent group, but the results were not statistically significant. Oz and Rubenduz 20 (2013) reported similar findings and stated that the internal inclination of the symphysis was more obtuse in the hyperdivergent group, whereas patients in the hypodivergent had the smallest value. It has been reported that a greater inclination of the symphysis is associated with an anterior growth direction and that a smaller inclination is often consistent with hyperdivergent patterns. However, Arruda et al 21 (2012) stated that facial type has no correlation with the symphysis inclination. 
Conclusions
Antegonial notch depth values were greater in the hyperdivergent group as compared with the normodivergent and hypodivergent groups, and the results were statistically significant.
In patients with hypodivergent growth pattern, the symphysis height was short, the depth was large, and the ratio was small as compared with the hyperdivergent group, and the results were statistically significant.
The symphysis angulation, on an average, was larger in the hypodivergent group. Conversely, the symphysis inclination was more in the hyperdivergent group, but the results for both the angular measurements were not statistically significant.
